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The  present  research  prograa  began  November  1.  1978  as  an  outgrowth  of 
work  In  organlo  photochemistry  on  sensitising  dyes  and  aeohanlaas  of  pho- 
toindueed  isomerisation  reactions  which  was  supported  earlier  by  the  Off ioe 
of  Naval  Research.  The  prograa  enooa passed  the  original  12-aonth  contract 
(N00014-79-C-0054)  ,  two  funded  renewals,  and  an  extension  period  which 
ended,  October  31,  1982.  Experimental  work  related  to  the  prograa  contin¬ 
ued  until  June,  1983,  and  aanuseript  and  report  preparation  extended  to  ; 

lor saber,  1983 . 


The  objectives  of  the  prograa  involved  a  thorough  Investigation  of 
photophyaloal  and  photoohaaloal  properties  of  the  Important  "blue-green** 
oouaarln  laser  dyes  directed  to  the  laprovoaent  of  service  life  and  lasing 
effioieaoy  of  dye  aedia.  The  proposed  studies  included  aeasursaent  of  the 
Important  photophyaioal  paraaeters  for  a  variety  of  dye  structures  with 
emphasis  on  aodiua  effects  on  fluoresoenoe  quantum  yields  and  lifetimes  for 
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the  oouaarins  and  the  deteraination  of  the  yields  of  dye  triplets  and  their 
properties.  Other  goals  involved  the  identification  of  photoproduots 
obtained  on  degradation  of  dyes  under  steady  Illumination.  Mechanlaas  of 
degradation  were  also  to  be  assigned  where  possible  and  reooaaandatlons  set  ^Tpor 
forth  ooaoerniag  minimisation  of  decomposition. 
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Other  lines  of  reaoarofa  included  evaluation  of  dye  properties  in  aque—  ,tlorl- 
ous  media  with  emphasis  on  the  possibilities  of  solubilisation  of  dyes  _ _ 
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using  surfactant  additives  and  the  development  of  nedla  having  advantages 
of  reduoed  optical  infaomogeneity  under  lasing  oonditions.  The  effects  of 
quenohers  of  dye  exoited  states  vare  also  of  Interest  in  terns  of  estab¬ 
lishing  the  types  of  additives  which  sight  stabilitze  dye  sedia  to 
photodegradation. 

ACHHVEMDITS  Of  THE  PROGRAM 

The  progras  was  suooessful  in  providing  new  inforaatlon  and  recosaen- 
dations  concerning  each  of  the  objectives  outlined  above.  A  brief  aussary 
is  provided  here  with  references  to  papers  which  have  been  published  or 
recently  submitted  and  the  appropriate  teohnloal  reports  to  OMR. 
Structures  1  -  U  identify  aost  of  the  oousarln  dyes  which  ware  included  in 
our  investigations. 

(1)  A  study  of  the  quantum  yields  of  fluoresoenoe  and  singlet  life¬ 
times  (the  latter  determined  by  tias-oorrelated  singlet-photon  counting) 
for  structures  X  ”  1  established  the  laportanoe  of  a  rotatory  non-radiative 
decay  path  whioh  is  important  for  selected  dyes  in  polar  media.  The  impor¬ 
tant  structural  feature,  the  unencumbered  mains  group  at  the  7-position, 
and  the  evolution  of  exoited  species  in  terms  of  planar  and  twisted  lntra r 
molecular  oharge  transfer  states.  IX  and  H  ware  identified. * 

(2)  The  red  shifts  of  absorption  and  emission  bands  of  oousarln  dyes 
in  solvents  of  high  polsrlty  were  investigated.  The  solvatochromlan  pro¬ 
vided  1 laser  correlations  with  well  known  solvent  parameters  whioh  refleot 
•amoral  polarlty-polarlsablllty  and  hydrogen  bonding  properties  of  organic 
media.  The  quite  regular  dope ode Does  can  be  helpful  in  "solvent  tuning"  of 
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the  wavelength  of  emission  (lasing) .* 

(3)  la  investigation  of  quenohlng.  of  oouaarln  singlets  and  triplets  by 
electron  transfer  agents  (both  donors  and  aooeptors)  was  carried  out. 
Redox  potentials  determined  by  ay olio  voltammetry,  rate  constants  for  biao- 
leeular  quenching  of  excited  dye,  and  transient  absorption  obtained  by 
flash  photolysis  were  used  to  determine  that  oouaarln  dyes  have  a  aoderate 
tendency  to  interact  with  either  electron  donors  or  acceptors.  These 
observations  will  be  helpful  in  aeleoting  additives  (quenchers)  which  nay 
enhance  stability  without  leading  to  unwanted  new  photooheaiatry.* 

(4)  A  previously  unreported  phenomenon,  the  concentration  (self) 
quenching  of  flnoresoenoe  for  firm— fins  1  -  ±,  was  observed.  A  correlation 
was  further  made  between  hjnolaaular  self  reaction  of  excited  dye  with  the 
quantun  yield  of  photodegradation*  The  singlet  oouaarln  exalted  state  was 
identified  as  priaarily  responsible  for  photodeoonpoaltion  which  leads  to 
dealkylation  (loss  of  mine  anbsltuent  groups  *  e.g.,  14  1  ).  The  large¬ 
ly  unreaetive  triplet  state  was  observed  by  flash  photolysis  and  its 
ualaol ocular  and  btUnleoular  decay  rate  parameters  determined.4 

(3)  A  mere  comprehensive  examination  of  solvent  effects  on  fluores- 
oenoe  lifetime  and  quantum  yield  revealed  that  certain  dyes  whioh  are 
"nonrrlgid"  with  reaps ot  to  the  amine  group,  1  -  11,  are  relieved  of  the 
quantum  wasting  noo-radlatlve  rotatory  deoay  prevalent  In  polar  media  (vide 
supra)  due  to  subtle  structural  features  whioh  oould  be  outlined  in  detail. 
Row  theory  regarding  rotatory  deoay  of  polar  exolted  states  was  developed 
with  emphasis  on  the  role  of  looal  exolted  state  bond  orders.  Mission 
properties  la  low  temperature  glasses,  deuterated  solvents  (Including 
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water)  and  triplet  state  properties  for  representative  dyes  were  also 
evaluated.* 

«)  The  effects  of  surfaotanta  in  solubilising  hydrophobic  oouaarin 


dyes  in  water 


established.  Cationic  and  anionic  detergents  as  well  as 


cyolodextrins  were  effeotive  in  producing  moderately  concentrated  aqueous 


dye  solutions  which,  in 


oases,  were  strongly  emissive.  Emission  pro¬ 


perties,  photodsgradatlon,  interaction  with  quenchers,  and  flash 
photochemistry  of  solubilised  ooumarlns  were  investigated.* 

(7)  lew  produota  of  oounarin  photodegradation  were  identified,  k  path 
for  decomposition  involving  reduction  of  the  coumarin  double  bond 
(3 -position)  and  a  photooxidation  involving  the  amine  moiety  for  a  rigid 
dye  (D  were  established.  Inter system  crossing  yields  (by  triplet  oount- 


d ye  (D  were  established.  Inter system  crossing  yields  (by  triplet  count¬ 
ing)  were  determined  mad  a  asohaniaa  for  oouaarin  photolysis  involving 
singlet  dye  and  the  production  of  radlomls  was  proposed.* 


WOK  11  PROGRESS  «D  FUTORE  DgVELOPMBMTS 


Additional  esperlaents  involving  the  dependenoe  of  oouaarin  absorption 
and  omission  on  aediua  are  currently  underway.  These  results  will  lesd  to 
further  parameterlsatlon  of  solvent  and  emission  (lasing)  properties  and 
will  be  the  subjeot  of  a  future  publication.  Studies  are  also  underway 
involving  the  observation  of  oheaioally  induced  dynamic  nuclear  polariza¬ 
tion  (CHRP)  for  dye  solutions  during  photolysis.  This  Investigation, 
carried  out  with  the  collaboration  of  Dr.  J.  Bargon  of  IBM  Research 
Laboratories,  San  Jose,  is  di rooted  to  unaablguoua  identification  of  pro¬ 
posed  radios!  intermediates  which  are  responsible  for  photodegradation. 


A  series  of  axperiaents  is  planned  around  a  now  dye  lasor  facility  at 
Boston  University.  As  the  result  of  a  recant  DOD  instruaent  grant,  a 
Id/TAG  puaped  dye  lasor  (Quant el  Dataohroa  S000)  has  been  purchased  and 
will  bo  used  to  doteraine  photostability  of  dyes  under  lasing  conditions. 
Dm  facility  will  allow  investigation  of  dyes  under  intense  flaahlaap  illu- 
alaation  (>150  mitt  no  pulse  @  10  Be)  for  produot  studies  and  for  transient 
detection  of  absorption  (LeCroy  100  Ms  transient  digitiser  and  CAMlC/USI 
ooaputer  interface).  Depending  on  the  availability  of  funds,  the  prograa 
will  continue  with  aaphasia  on  the  following  theses: 

(1)  identifioatlon  of  transient  lnteraediates  such  as  radicals  or  rad- 
ioal-lons  whioh  induce  dealkylation,  net  redox  reaction,  or  polyaerlzatlon 
of  laser  dyes 

(2)  the  behavior  of  dyes  in  "unusual"  asdic:  surfactant  solutions, 
oyolodextrln  and  other  inclusion  ooaplexes;  "protection"  of  dye  structure 
sad  sustained  Mission  in  aioroheterogeneous  aedia 

(f)  the  design  and  synthesis  of  laser  dyes  for  the  ultraviolet 
(30S-400  on)  with  Mphasls  on  the  fundaaentals  of  photolysis  aeofaaniaa  and 
nonr radiative  dsoay  (rotatory  paths,  eleotron  transfer)  established  in  the 
nowasrin  study 

(4)  the  discovery  of  aultlple  photon  photoohealoal  proo esses  for  laser 
dyes  under  high  Intensity  flashlasp  illuaination  (lasing  conditions) 
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Senior  Collaborator 
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